Abstract
INTRODUCTION
Since its introduction as standard procedure in 1983, liver transplantation is nowadays widely accepted as the only live-saving treatment for end stage liver diseases. Nevertheless, several serious complications still endanger successful short-and long-term outcome. Biliary complications appear to be one of the most common issues during follow-up [1] . Diverse studies reveal their notable association with mortality and an overall incidence of 10%-40% is described [2] . Moreover, the socio-economic implications due to prolonged morbidity are of increasing relevance and represent a serious burden to health care systems [3] . As the bile duct is supplied only arterially without the benefit of portal vein nourishment, there is a predetermined breaking point to cause repercussions [4] . Furthermore, donor parameters, surgical aspects as well as the recipients' condition prior to transplant seem to affect the outcome [2] . In general, anastomotic lesions are distinguished from non-anastomotic stenosis or leakage [5] .
The most common manifestations of biliary complications are strictures of the bile duct [5] . Anastomotic lesions are usually due to mechanical and surgical issues which alter the bile duct's arterial support and occur mainly within the first 90 d after transplantation, whereas nonanastomotic lesions show a predominantly manifestation period of about six to nine month after transplant [5] . Under the term of non-anastomotic lesions systemic complications such as post-thrombotic, inflammatory and immunological processes as well as the presence of cytotoxic hydrophobic bile salts are summarized, which all lead to damage of the biliary epithelium [6] . In recent studies, inadequate surgical technique, arterial complications such as hepatic artery thrombosis, as well as donor age and macrovesicular graft steatosis could be identified as relevant risk factors for the occurrence of biliary complications in risk-adjusted multivariate analyses [5, 7, 8] . This study has two aims. Firstly, a historical overview over three decades of biliary complications after liver transplantation should show the development of their incidence. Secondly, main focus was to identify independent risk factors in the most recent years, which contribute to the development of early biliary complications, occurring during the direct hospital stay after liver transplantation.
MATERIALS AND METHODS
In this single-center, retrospective, observational study, the influence of pre-, inter-and post-transplant aspects as relevant risk factors for the occurrence of early biliary complications, which occur during the direct hospital stay after liver transplantation, were investigated.
Follow-up period and exclusion criteria
During follow-up patients were routinely seen in the transplant outpatient clinic at least once per year and follow-up visits consisted of physical examination, blood chemistry, as well as standardized abdominal ultrasound. Mean follow-up was 9.4 years (SD: 7.5 years). Included were all consecutive adult liver transplantations (pediatric was defined as younger than 18 years of age). Excluded from analysis were combined transplantations, split liver transplantations, and patients with re-transplantation during initial hospital stay. Since donation after cardiac death is not allowed in Germany by current law, there are no such transplantations included in this study.
Definition of eras in 30 years of liver transplantation
In this study, the three decades of liver transplantation were divided into four eras. 
Study endpoints
Onset of biliary complications during the post-transplant hospital stay is defined as primary study endpoint. In the MELD-era, a more detailed analysis was performed. The further respective study endpoints are complications occurring at the bile duct anastomosis, defined as anastomotic biliary leak or stricture.
Regular operative procedure and clinical diagnosis scheme of biliary complications
For the detection of early biliary complications after liver transplantation, daily ultrasound/Doppler investigations, daily laboratory works, and daily clinical rounds were applied. It is standard operating procedure to implant abdominal drainages during the transplant procedure, which are regularly pulled after the secretion is less than 100 mL post-transplant. The biliary anastomosis was usually performed as end-to end-anastomosis between donor common bile duct and recipient common hepatic duct using a 6/0 prolene suture in continuous manner. University of Wisconsin preservation solution was routinely used until recently, the application of HTK solution increased since its introduction in the early 1990s and is nowadays the mostly applied preservation solution. A more detailed analysis of preservation solutions and their application at the study center is given elsewhere [10] . Due to certain indications for liver transplantation, such as primary biliary diseases, a hepaticojejunostomy in Roux-Y-technique is implemented [11] . The implantation of T-tube was omitted as standard procedure at our center around 2004 and has not been applied since.
Treatment schemes for biliary complications
There are various therapy options for biliary complications. Early biliary complications, such as biliary leaks can be managed via endoscopic retrograde cholangiopancreatography with stent implantation, whereas late complications, such as biliary stenosis or a diffuse leakage often require a percutaneous transhepatic biliary drainage, surgical revision with a Y-Roux hepaticojejunostomy or at last resort a re-transplantation.
Ethics statement
The study was reviewed and approved by the institutional review board of Hannover Medical School (application number 1683-2013).
Statistical analysis
Risk factors for the onset of study endpoints after liver transplantation were identified with univariable and multivariable binary logistic regression analyses. The alpha-level for inclusion into multivariate modeling was set at 0.05. All variables which were significant in univariable binary logistic regression analysis were considered for the multivariable binary regression model. Variables which were included in the multivariable regression model were compiled as the prognostic score for the prediction of anastomotic biliary complications. The clinical usefulness of this score was assessed with receiver operating characteristic curve analysis. Areas under the receiver operating curve (AUROCs) larger than 0.700 indicate a clinically useful prognostic model [9] . For internal validation of the developed score, randomized backwards bootstrapping was applied. Kaplan-Meier analysis with the Log-Rank test was applied were appropriate. For all statistical tests a P-value < 0.05 was defined as significant. The SPSS statistics software version 21.0 (IBM, Somers, NY, United States) was used to perform statistical analysis.
RESULTS
Descriptive statistics of the investigated study population of 1607 consecutive liver transplants is summarized in Tables 1-3 . During 30 years of follow-up, 561 (35.1%) patients deceased. The documented causes of death are summarized in Table 4 .
Biliary complications during 30 years of liver transplantation
During 30 years of liver transplantation at a single center, biliary complications were observed in 227 cases (14.1%). The development of biliary complication incidence since 1983 is shown in Figure 1 . Patient as well as graft survival were significantly associated to the occurrence of biliary complications during 30 years of follow-up, as shown in Kaplan Meier analysis ( Figure 2 ).
Detailed analysis of biliary complications in the MELD era
Of the 1607 included transplantations, 417 (26%) were performed after introduction of MELD-based donor organ allocation in December 2006. During this MELDera, 21% of patients (n = 89) suffered from early biliary complications during the initial post-transplant hospital stay. The distribution of complication type in the MELDera is shown in Figure 3 . In 46% (n = 41) of the patients an anastomotic bile leak occurred, whereas 25% (n = 22) showed an anastomotic stricture. Cholangitis occurred in 8% (n = 7), non-anastomotic strictures in 3% (n = 3) of the cases. The remaining 18% (n = 16) were not further classified.
Since the biliary anastomosis can be influenced the most by the operating surgeon, risk factors were evaluated for anastomotic biliary complications, which included biliary strictures and anastomotic leakage. In 63 patients (15.1%) anastomotic complications were observed. Table 5 shows the results of univariable and multivariable binary regression analysis for identification of significant, independent risk factors for the development of anastomotic biliary complications during the initial post-transplant hospital stay. After adjustment for all univariably significant variables, the recipient MELD-score at transplantation (P = 0.006; OR = 1.035; 95%CI: 1.010-1.060), the development of HAT post-operatively (P = 0.019; OR = 3.543; 95%CI: 1.233-10.178), as well as the donor creatinine prior to explantation (P = 0.010; OR = 1.003; 95%CI: 1.001-1.006) were revealed as independent risk factors.
Retrospective prediction of anastomotic biliary complications in the MELD-era
Compiling all variables which were included in multi- 
DISCUSSION
Biliary complications are a common post-operative issue after liver transplantation. Liver transplantation has been established in the 1980s as the only lifesaving standard treatment for many conditions leading to end-stage liver disease. Therefore, the number of performed liver transplantations has been increasing ever since. Biliary complications endanger early as well as long-term success of liver transplantation and are thus constantly in focus of research to improve care for transplant recipients. However, evidence from large single-center databases on the long-term followup of liver transplant recipients including risk-adjusted identification of probable risk factors for the development of biliary complications is still scarce. In the current study, It could be shown that the onset of post-transplant biliary complications endangers patient as well as graft survival even in the long run (Figure 2 ; P = 0.006; P = 0.001, resp.). This also has serious implications for healthcare economy. A recent analysis of a large dataset with more than 12800 liver transplantations could show that biliary complications in recipients receiving a graft after brain death donation were responsible for an increment of cost of nearly 55000$ in the first posttransplant year [3] . These findings could be confirmed in the following post-transplant years as well as in donation after cardiac death transplantations.
As shown in Figure 1 , the number of patients suffering from biliary complications after liver transplantation decreased very early in the observed series to a minimum of closely over 5% in 1985. This early drop might well be a result of the early surgical learning curve. It can also be assumed that some biliary complications might not be detected in these years due to technically less developed diagnostic capabilities, such as computed tomography or ultrasound. Furthermore, early mortality was comparatively high and recipients might have died before developing detectable/treatable biliary complications.
In the years between 1985 and 2006, the incidence of biliary complications was ranging from 5% to 25% of performed transplantations per year, which is comparable to other reported data [3, 5, 6] . These years were characterized by introduction of the Child-Pugh scorebased center allocation scheme in the year 2000, which represents a paradigm shift and is therefore regarded in Table 5 Univariable and multivariable analyses the analysis as a new era. After introduction of MELDbased organ allocation in late 2006, the rate of biliary complications starts to fluctuate in a wider range from 10% to as high as 30%. The notion that donor organ quality might have decreased as well as the general condition of the transplant recipients since the start of this recent era has led to a controversial discussion in the German transplant community about the usefulness of this current allocation policy. As early as 2009, Weismüller et al [12] reported of decreased short-term survival since the introduction of MELD-based liver allocation. An association with longer surgery duration and higher recipient morbidity could be revealed as possible underlying causes. As another example, it was reported recently that indications with high chances for successful long-term survival after liver transplantation such as primary sclerosing cholangitis did not show any improved outcome since MELD-introduction in Germany and that there is relevant outcome stagnation for this entity [13] . Therefore, a more detailed analysis was applied on the MELD-era data, in which a categorization of the biliary complication into different subtypes was possible due to consequent and clear documentation, as well as electronic patient files. Since the biliary anastomosis seems to be the most susceptible part for surgical improvement measures, the anastomotic complications are in a special focus of this investigation. Multivariable, risk-adjusted analysis revealed that the MELD-score at transplantation, the donor creatinine at time of graft donation and the development of HAT after transplantation were statistically significant, independent risk factors for the onset of anastomotic biliary complications. The association of post-transplant HAT and the development of biliary complications has been observed several times and can be explained by an anatomical circumstance. The biliary tract tissue is especially vulnerable to impaired arterial vascular supply. Whereas the liver parenchyma is nourished via a dual vascular supply via portal vein and hepatic artery, the bile ducts are supplied only arterially [5] . Therefore, the biliary epithelium is more susceptible to decreased perfusion than hepatocytes, which is the case in ischemic injury and severe hypotension, both occurring in the donor organ during transplantation and after HAT.
The finding that the recipient MELD score has influence on the onset of post-transplant biliary complications seems not to be surprising. The MELD-score was shown to accurately depict the recipients state of morbidity prior to transplantation [14, 15] , thus identifying patients with a risk profile to have impaired healing capabilities at the bile duct anastomosis. This is further confirmed by the finding that impaired donor kidney function as depicted via increased donor creatinine levels contributes to the development of anastomotic bile duct lesions, since this further intensifies the unfavorable metabolic situation at the anastomosis, which is at risk for ischemic injury.
After a relevant drop of the incidence of biliary complications in 2011, the number of observed complications increased again in 2012. The data does not clearly provide insights into the root-causes of this observed development, thus, only assumptions can be discussed here. There was no notable change in allocation policies at that time, MELD-based allocation was introduced in late 2006 in Germany as mentioned above. Furthermore, the clinical setting did not change significantly, just a slight increase in the application of Histidine-Tryptophane-Ketoglutarat (HTK) preservation solution could be detected in 2012. HTK-solution was suspected to be associated to biliary complications previously and a trend towards this association was shown in our center in previously published research [10, 16] . The proposed prognostic model, which is basing on the results of regression analyses, was shown to have good predictive capabilities with an AUROC > 0.700. Furthermore, it could be internally validated successfully with 100 randomized backwards bootstraps. These promising results regarding this model warrant its validation in an external dataset, which is definitely necessary before a broad application in clinical transplantation seems useful. This validation is preferably performed in a prospective, multi-centric cohort or a large transplant registry, which contains all relevant data as described above.
This study is limited by its single center design and its retrospective character. Furthermore, the long observation period of three decades naturally includes changes in diagnostics and management of biliary complications. This circumstance was addressed with the categorization of the data into four eras, which was taken into account during statistical analysis.
Taken together, the results of the current study lead to the assumption that high recipient MELD scores in combination with impaired donor kidney function as depicted in donor creatinine levels at the time of transplantation should be avoided to protect the recipient from the onset of early biliary complications. This is especially the case, when HAT occurs in the post-transplant setting, which further endangers the recipient to develop serious anastomotic bile duct issues.
COMMENTS

Background
Biliary complications account for a great part of early issues after liver transplantation leading to re-intervention, serious morbidity and even mortality. Moreover, they are responsible for a high amount of healthcare costs after transplantation.
Research frontiers
In recent years, studies were outlined and published to identify relevant risk factors for the development of biliary complications. However, long-term followup data and large series overlooking decades of liver transplant experience are scarce. There is especially no prognostic model available so far, which helps to identify patients who are threatened by this serious complication.
Applications
The results of this study should reduce the incidence of anastomotic biliary complications after liver transplantation. The proposed prognostic model for the prediction of anastomotic biliary complications can be a tool for the transplant clinician to identify patients at high risk for the development of biliary complications, which then can be included into a stricter diagnostic observation scheme, e.g., with repeating abdominal ultrasound examinations and blood works.
Terminology
Biliary complications do regularly occur after liver transplantation. They can be classified into anastomotic (bile leak vs strictures) and non-anastomotic lesions. In many countries, liver grafts are currently allocated on the basis of the Model of End-Stage Liver Disease (MELD)-score, which is a score including the recipient's bilirubine levels, creatinine levels as well as the coagulation state via the international normalized ratio-value. The MELD-score is able to reliably predict short-term death on the liver transplant waiting lists in many transplantation systems.
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